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ACTIVATION OF NEUTROPHIL FUNCTIONS 
DURING INFLAMMATION 




From: Edwards SW, Biochemistry and Physiology of the Neutrophil 



THE FUNCTIONS OF NEUTROPHILS DURING 
INFLAMMATION CAN BE UPMODULATED 



Circulating PMN 



Activation by cytokines 
(IFNy, TNFa, GM-CSF, 
G-CSF, IL-15, IL-18) or 
TLR ligands (LPS, 
PAM3CyS) 



Tissue injury 



Production 
of IL-8 etc. 



Release of enzymes, 
antimicrobial peptides 




Phagocytosis 



Cytokines 
IL-1, IL-1Ra, 
IL-8, MIP-1's, 
etc. 



amplifìcation and augmentation of neutrophil functions 




Acute Inflammation 



(Innate Immunity) 



Table 1 Neutrophil-activating factors found within SF [7-17] 
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enzyme 
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C5a 




Yes 




G-CSF 


Yes 


Yes 


Yes 


GM-CSF 


Yes 




Yes 


IFNy 


Yes 






IgG/lgM 






Yes 


IL-1p 


Yes 


Yes 


Yes 


IL-6 




Yes 




IL-8 


Yes 


Yes 


Yes 


IL-15 








TMF-a 


Yes 


Yes 


Yes 



Apoptosis 
delay 



MHCII 



Production 
of inflam- 

matory 
mediatore 
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Yes 

Yes 



Yes 
Yes 
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Tablc 1 

Inhibition of PMN apoptosis by cytokines 



Cytokines able to 


-IL-lp, 1L-2, TNF-a, IL- 15, IFN-y, IL-8, IL- 18, 


inhibit PMN 


G-CSF, GM-CSF [28-31] 


apoptosis 




Mechanisms 


1 ) Effect on anti-apoptotic molecules 




- Increased expression of Mcl-1 [17, 33-35] 




- Increased expression of Al [41] 




2) Effect on pro-apoptotic molecules 




- Decreased expression of Bax [42, 43] 




- Increased phosphorylation of Bax or Bad 




[36, 44] leading to decreased pro-apoptotic 




activity of Bax 




3) Post-mitochondnal control 




- Inhibition of calpain activity [48] 


Pathological 


- Acute respiratory distress syndrome [50, 23] 


situations 


- Sepsis [51], acute pneumonia [42] 


associated with 


- Rheumatoid arthritis [52] 


delayed PMN 


- Inflammatory bowel disease [54] 


apoptosis and 


- Cystic fibrosis; idiopathic fibrosis [55, 56] 


increased levels of 


- Unstable angina and acute myocardial 


pro-inflammatory 


infarction [57] 


cytokines 


- Cancer associated with neutrophilia [42] 


Therapeutic 


- Community acquired pneumonia [58] 


administration 


- Cancer [59] 


ofG-CSF and 


- Cyclic neutropenia [60] 


GM-CSF in 




pathological 




situations associated 




with increased PMN 




apoptosis 
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DURING INFLAMMATION 



i 

J 




Chemotaxis 



acute phase protei ns 



immunoglobul 
complement 



— > ( opsonins> r=^ 



> 




Activation of 
complement 



(^ChemoattractanuT) 




(^Factors affccting vascular permeability^) 



Capillary 



Box 1 1 Neutrophil-derived cytokines 




CXC-chemokines 

CXCL1, CXCL2, CXCL3, CXCL4, CXCL5, CXCL6, 
CXCL8, CXCL9, CXCLlO, CXCLll 



CC-chemokinec 

CCL2, CCL3, CCL4, CCL17, CCL18, CCL19, CCL20, CCL22 



Pro-inflammatory cytokines 

IL-la, IL-lp, IL-6*. IL-7, IL-9* IL-16*, IL-17A* 
IL-17F*IL-18,MIF 



Anti-inflammatory cytokines 

IL-lRA, IL-4* IL-10* TGF01, TGFp2 



Immunoregulatory cytokines 

IFNaMFNy* IL-12JL-23 



Colony-stimulating factors 

G-CSF, M-CSF* GM-CSF* IL-3* SCF** 



Angiogenic and fibrogenic factors 

HB-EGF, HGF, FGF2, TGFa, VEGF, prokineticin 2 



TNF cuperfamily members 

APRIL, BAFF, CD30L, CD95U LIGHT*, 
LT0*, RANKU TNF, TRAIL 



Other cytokines 

Amphiregulin, BDNF*, midkine, NGF*, NT4\ 
oncostatin M, PBEF 



NEUTROPHIL-DERIVED CHEMOKINES 
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Effector functions of neutrophils at sites of infection or inflammation 
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Human blood dendritic cells (DCs) 



DC Type 



Conventional DCs 



Name 
Marker 
Frequency b 
Phenotype 



Cytokine 
production 



CDlc + DCs 



CDlc 

(MHC class I related) 



CD141 + DCs 



CD141 

(BDCA3, Thrombomodulin) 



slanDCs 



6-sulfoLacNAc 

(slan) 



0,4 % 



0,2% 



'1,2% 



CD33 *CD13 , ^Dllb (Marker suggestiveof myeloid differentiation) 



CDlc + 

CDllc + 
CD16 " 
CD45RA " 

CD88 (C5aR) 

C3aR " 



CD123 



low 



TNF-a 
IL-12p70 



CDlc " 
CDllc low 
CD16 " 
CD45RA " 
CD88 " 
C3aR " 
CD123 

TNF-a 
IL-12p70 



CDlc " 
CDllc + 
CD16 + 
CD45RA + 
CD88 + 
C3aR + 
CD123 

High TNF-a 
High IL-12p70 



3 Marker not specific for DCs. 



' Among peripheral blood mononuclear cells 



Plasmacytoid DCs 

BDCA2 (CD303, C-type lectin) 
BDCA4 (CD304, Neuropilin 1) 

~ 0,2 % 

CD33 ,"CD13 , CDllb 

CDlc " 
CDllc " 
CD16 " 
CD45RA + 
CD88 " 
C3aR " 
CD123 + 



High IFNa 
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Lymphoid celle 




Figure 1 | Myeloid celi differentiation under normal physiological conditions. 

Myeloid cells originate from haematopoietic stem cells (HSCs) and multipotent 
progenitor cells (MPPs). The figure illustrates the network of progenitor cells that 
gives rise to the various haematopoietic celi lineages. cDC, conventional DC; 
CDR common DC progenitor; CLP, common lymphoid progenitor; CMLR common 
myelolymphoid progenitor; CMR common myeloid progenitor; DC, dendritic celi; 
GMR granulocyte and macrophage progenitor; MCR mast celi progenitor; 
MDR macrophage and DC progenitor; MER megakaryocyte and erythroid progenitor; 
NK, naturai killer; pDC, plasmacytoid DC. 




Figure 1. Activation of Plasmacytoid Dendritic Cells by Neutrophils in Systemic Lupus Erythematosus (SLE). 

Release of neutrophil extracellular traps (NETs) by neutrophils and the activation of plasmacytoid dendritic cells direct the chronic 
interferon-a production observed in SLE. Type I interferons prime the neutrophils for NETosis t with translocation of LL-37 to the surface. 
NETosis begins by the binding of surface LL-37 by anti-LL-37 autoantibodies. NETs released from dying neutrophils are taken up by plasma- 
cytoid dendritic cells as a NET-associated LL-37-DNA immune complex, together with anti-LL-37 or anti-DNA autoantibodies. NET-associ- 
ated self DNA engages toll-like receptor 9 (TLR9) in endosomes, leading to interferon release and additional neutrophil priming. Moreover, 
neutrophil-derived antimicrobial peptides such as LL-37 are used as B-cell autoantigens in combination with DNA. As a result, abundant 
NET creation may also prompt autoreactive B-cell activation, possibly through the capacity of NETs to engagé B-cell receptors and TLR9 
in B cells, leading to the release of anti-LL-37 and anti-DNA autoantibodies. IFNAR denotes type I interferon-a receptor. 
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Neutrophil Extracellular Traps Kill Bacteria 



movie 



Volker Brinkmann, 1 Ulrike Reichard, 1 ' 2 Christian Goosmann, 1 ' 2 Beatrix Fauler, 1 Yvonne Uhlemann, 2 David S. Weiss, 2 
Yvette Weinrauch, 3 Arturo Zychlinsky 2 

Neutrophils engulf and kill bacteria when their antimicrobial granules fuse with the phagosome. Here, we describe that, upon 
activation, neutrophils release granule proteins and chromatin that together form extracellular fibers that bind Gram- 
positive and -negative bacteria. These neutrophil extracellular traps (NETs) degrade virulence factors and kill 
bacteria. NETs are abundant in vivo in experimental dysentery and spontaneous human appendicitis, two examples of acute 
inflammation. NETs appear to be a form of innate response that binds microorganisms, prevents them from spreading, and 

ensures a high locai concentration of antimicrobial agents to degrade virulence factors and kill bacteria. 

Neutrophils generate extracellular fibers called NETs that kill bacterial 
pathogens without the need for phagocytosis. A resting neutrophil 
becomes activated (1), leading to the release of DNA, histones, and 
granule proteins that assemble into NETs (3). The cellular constituents 
of neutrophils are released either through necrotic celi death (2 a) or by 
exocytosis of granule contents coupled with active extrusion of DNA via 
an unknown mechanism (2b). 
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FIGURE 2. Putative stimuli and steps in NETosis. (A) Microbes and their 
products, immune complexes, autoantibodies, cytokines (IL-8, TNF, and 
type I and II IFNs), and other stimuli can induce NETosis. Binding via 
TLRs, Fc receptors, or complement receptors have been implicated in in- 
duction of NETs. (B) NETosis is initiated by binding of neutrophil surface 
receptors (R) to microbes or microbial breakdown products, inflammatory 
stimuli, or endogenous inducers. Binding to rcceptor(s) (excmplifìed in dia- 
gram as RI and R2) induces endoplasmic reticulum calcium store release and 
opening of membrane channels that lead to cytoplasmic calcium increases. 
Elevated calcium stimulates PKC activity, phosphorylation of gp91^ v , and 
assembly of functional NADPH oxidase, leading to ROS and NO produc- 
tion. Morphological changes observed during NETosis include breakdown of 
nuclear and granule membranes and the mixing of nuclear, granular, and 
cytoplasmic contents. Deimination and proteolytic cleavage of histones may 
initiate before nuclear breakdown and contribute to chromatin decondensa- 
tion. A rupture in the plasma membrane allows the release of cxtracellular 
chromatin traps. 



Visualizing NETs using chromatin antibodies or DNA-intercalating dyes. 
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Figure 2 | The steps leading to neutrophil extracellular trap (NET) 
f ormation. a | Fluorescent micrographs showing the steps involved in NET 
formation. b | A schematic represe ntation of these events. Activation leads 
to theformation of reacttveoxygen species (step l).The nuclear membranes 
then begin to disintegrate into a chain of vesicles and the integrity of the 
granules is gradually lost (step 2). Nuclei then lose their lobules and 
the nuclear material fills most of the cell. mixing with the contents of the 




granules (step 3). During the final stage, nuclear and granular integrity is 
complete^ lost.This is shown in the homogenous overlap of thefluores- 
cence channels at step 3 in a. Thecells round up, contract and f inally release 
NETs (step 4).c | A transmission electron micrograph of a neutrophil at step 
2 in the process.The arrows indicate the disintegration of the nuclear mem- 
brane, which allowsthe karyoplasms to mix with the cytoplasm.This isalso 
shown in the partial homogeneous staining pattern at step 2 in a. 



Table 1 . Pathogens that induce NETs 


bpecies 


Kererences 


S. aureus 


Fuchs et al., 2007; 




Pilsczek et al., 2010 


S. pyogenes 


Buchanan et al., 2006 


Group A S. pyogenes 


Lauth et al., 2009 


E. coli 


Grinberg et al., 2008 


Shigella flexneri 


Brinkmann et al., 2004 


Nontypeable H. infiuenzae 


Hong et al., 2009 


Yersinia enterocolitica and Yersinia 


Casutt-Meyer et al., 20 1 0 


iti i 
pseudotuberculosis 




Mannheimia haemolyfico 


Aulik et al., 2010 


Mycobacterium tuberculosis 


Ramos-Kichik et al., 2009 


Candida albicans 


Urban et al., 2006 


Aspergillus fumigatus 


Brunsetal., 2010 


Aspergillus nidulans 


Bianchi et al., 2011 


L amazonensis 


Guimaràes-Costa et al., 2009 


Toxoplasma gondii 


Abi Abdallahetal., 2012 


HIV-1 


Saitohetal., 2012 




Table 2. Proteins detected in lupus neutrophil extracellular traps 


Protein 


Functìon 


Reference(s) 


Clq 


Activates complement cascade; protects NETs against DNase 1 


[87-] 


Elastase 


Seri ne protease; organ damage? 


[65",88"T 


Histones 


Pattern of modification suggests transcriptional quiescence 


[65",86"] 


HMGB1 


Alarmin; activates antigen-presenting cells 


[88"] 


HNP 


a-defensin family member; may function similarly to LL37 


[89"] 


IU7 


Proinflammatory cytokine; innate immune system activation 


[65"] 


LL37 


Small cathelicidin peptide; activates pDCs; DNase 1 protection 


[65",88",89"] 


MPO 


Peroxidase activity; organ damage? 


[65",88",89"T 



DNase, deoxyribonudease; HMGB1, High-mobility group box 1; HNP ; human neutrophil peptides; IL, interleukin; NETs, neutrophil extracellular traps; MPO, 
myeloperoxidase; pDCs, plasmacytoid dendritic cells. 




Figure 1 | Neutrophils and neutrophil extracellular traps (NETs). NETs can trap Gram-negative a 
bacteria, Gram-positive bacteria and fungi, a | A transmission electron micrograph showing an 
unstimulated human neutrophil. b | A scanning electron micrograph (SEM) showing stimulated neu- 
trophils formi ng NETs (as indicated by the arrow). c | A SEM showing a detailed view of NETs trapping 
ShigeUaflexneri. The 'threads' (T), globular domains (G) and cables (C) are indicated. d | A SEM show- 
ing NETs trapping Staphylococcus aureus. e | A SEM showing NETs trapping Candida albicans. The 
scale bars represent 5 (im for a, 10 (im for b and e, 100 nm for c, and 1 |im for d. 
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Rgure 2. The antimicrobial strategies of neutrophils. Neutrophils use three major strategies to combat and clear microbes: phagocytosis. degranulation. and NET 
formation. These operate over drfferentt ime scales (indicateci on the left). and have varying effects on bystander cells (i.e. collateral damage). and have different attributes. 
Ingest'ion of microbes into a phagolysosome minimises damage to host cells during phagocytosis whereas degranulation dtsseminates granule proteases and can cause 
widespread damage. The incorporation of granule proteases into NETs limits their diffusion and hence the potential for host celi damage. increases their effective locai 
conce ntrat'ion, and entra ps microbes. Red: Microbo, Blue: granular protei ns in the phagolysosome. extra cellular space, or tethered within the NET, Gray: decondensed DNA 
of the NET. Abbreviations: Hs. histones: MPO. myeloperoxidase: NE. neutrophil elastase. 
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Neutrophil depletion impairs naturai killer celi maturation, function, and homeostasis. 

Jaeger BN . Donadieu J . Cognet C . Bernat C . Ordonez-Rueda D . Barlogis V . Mahlaoui N . Fenis A , Narni-Mancinelli E . Beaupain B . Bellanné-Chantelot C . 
Bajénoff M . Malissen B . Malissen M . Vivier E . Ugolini S . 

Centre d'Immunologie de Marseille-Luminy, Aix-Marseille Université UM 631, Campus de Luminy case 906, 13288 Marseille, France. 
Abstract 

Naturai killer (NK) cells are bone marrow (BM)-derived granular lymphocytes involved in immune defense against microbial infections and 
tumors. In an N-ethyl N-nitrosourea (ENU) mutagenesis strategy, we identified a mouse mutant with impaired NK celi reactivity both in vitro 
and in vivo. Dissection of this phenotype showed that mature neutrophils were required both in the BM and in the periphery for proper NK celi 
development In mice lacking neutrophils, NK cells displayed hyperproliferation and poor survival and were blocked at an immature stage 
associated with hyporesponsiveness. The role of neutrophils as key regulators of NK celi functions was confirmed in patients with severe 
congenital neutropenia and autoimmune neutropenia. In addition to their direct antimicrobial activity, mature neutrophils are thus endowed with 
immunoregulatory functions that are conserved across species. These fmdings reveal novel types of cooperation between cells of the innate 
immune system and prompt examination of NK celi functional deficiency in patients suffering from neutropenia-associated diseases. 
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Nat Immunol. 2011 Dee 25;13(2):170-80. doi: 10.1038/ni.2194. 

B cell-helper neutrophils stimulate the diversification and production of immunoglobulin in the marginai 
zone of the spleen. 

Puga [, Cols M . Barra CM . He B . Cassis L Gentile M . Comerma L Chorny A . Shan M . XuW, Magri G . Knowles DM . Tarn W . Chiù A . Bussel JB . Serrano 
S, Lorente JA . Bellosillo B . Lloreta J , Juanpere N . Alameda F . Barò T . de Heredia CD , Toràn N . Català A . Torrebadell M . Fortuny C . Cusi V , Carreras C , 
Diaz GA . Blander JM . Farber CM . Silvestri G . Cunningham-Rundles C . Calvillo M . Dufour C . Notarangelo LD . Lougaris V . Plebani A . Casanova JL . Ganal 
SC, Diefenbach A . Aróstegui Jl . Juan M . Yagùe J . Mahlaoui N , Donadieu J . Chen K . Cerutti A . 
Institut Municipal d'Investigació Mèdica-Hospital del Mar. Barcelona. Spain. 

Abstract 

Neutrophils use immunoglobulins to clear antigen, but their role in immunoglobulin production is unknown. Here we identified neutrophils 
around the marginai zone (MZ) of the spleen, a B celi area specialized in T cell-independent immunoglobulin responses to circulating antigen. 
Neutrophils colonized peri-MZ areas after postnatal mucosal colonization by microbes and enhanced their B cell-helper function after 
receiving reprogramming signals, including interleukin 10 (IL-10), from splenic sinusoidal endothelial cells. Splenic neutrophils induced 
immunoglobulin class switching, somatic hypermutation and antibody production by activating MZ B cells through a mechanism that involved 
the cytokines BAFF, APRIL and IL-21 . Neutropenic patients had fewer and hypomutated MZ B cells and a lower abundance of preimmune 
immunoglobulins to T cell-independent antigens, which indicates that neutrophils generate an innate layer of antimicrobial immunoglobulin 
defense by interacting with MZ B cells. 



Eur. J. Immunol. 2012. 42: 1956-1968 
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Myeloid-Derived Suppressor Cells: Linking Inflammation and 

Cancer 1 Suzanne Ostrand-Rosenberg^ and Pratima Sinha 
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MDSC suppress antitumor immunity through a variety of diverse mechanisms. T celi activation 
is suppressed by the production of arginase and ROS, the nitration of the TCR, cysteine 
deprivation, and the induction of Tregs. Innate immunity is impaired by the down-regulation 
of macrophage-produced IL- 12, the increase in MDSC production of IL- 10, and the 
suppression of NK celi cytotoxicity. Ag presentation is limited by the expansion of MDSC at 
the expense of DC. 
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Figure 3 | Changes that occur in myeloid cells in cancer. Factors produced in the 
tumour microenvironment by tumour cells and stromal cells promote the aberrant 
differentiation of myeloid lineage cells. The dotted lines show the normal pathways 
of myeloid celi differentiation from immature myeloid precursor cells to dendritic 
cells (DCs), macrophages and granulocytes, as depicted in FIG. 1 . The solid bold lines 
indicate the aberrant pathways of myeloid celi differentiation that occur in cancer, 
in which the tumour environment can promote the development of various 
immunosuppressive populations, including monocytic myeloid-derived suppressor 
cells (M-MDSCs), polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs), 
suppressive DCs and tumour-associated macrophages (TAMs). The dotted thick line 
depicts a pathway of celi differentiation that has been suggested but has not yet been 
confirmed. HSC, haematopoietic stem cell. 
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Figure 1 1 Neutrophils crosstalk with immune and non-immune cells in inflamed tissues and lymph nodes. 
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Table 1 Most important diseases caused by low numbers or dysfunctìon of neutrophils 



Category 



Subgroup 



Diagno sis 



Treatment 



1. Lack of neutrophils 
(neutropenia) 



2. Decrea sed motility 

3. Decrea sed 
"danger sensing" 

4. Impaired killing 
mechanisms 



IatrogenicÀoxìc 

Immune mediated 

Infection related 

Severe congenita 1 neutropenia 

Syndrome associ ated 

Leukocyte adhesion deficiencies 
(LAD1, LAD2, LAD1 variant/LAD3) 

Toll-like receptor deficiencies 
(IRAK4 deficiency, MyD88 deficiency) 

NADPHoxidase dysfunctìon 
(chronic granulomatous disease) 

Impaired grande formation (Chédiak-Higashi 
syndrome, specific granule deficiency) 



h licci of cessation of drug 

therapy 
Detection of auto- or 

alloantibodies 
Virological tests 
Bone marrow aspiration 
Gene analysis 

Genetic counselling 
Dependent of presumed cause 

Functional adhesion tests 
Gene analysis 

Functional tests 
Gene analysis 

Functional tests 
Gene analysis 

Microscopie (electron) 

c\ alitatimi 
Gene analysis 



Remova 1 of toxic agent 

None, usually transient 

None, usually transient 
G-CSF 

Stem celi transplantation 
Dependent of cause 

Stem celi transplantation 

None, mild clinical course from late 
childhood on 

Stem celi transplantation prophylactic 
(antibiotics, antifungals, y-interferon) 

Stem celi transplantation 




Table L Disorders of neutrophil differentiation. 


Disease 


Inheritance 


Gene tic defect 


Phenotypic defect 


Severe congeni tal 


Autosomal dominant, 


ELANE mutation 


Severe neutropenia, developmental arrest of 


neutropenia 


autosomal recessive 


HAX1 mutation 


neutrophil precursors and maturational 




or sporadic 


GFI1 mutation 


arrest at promyelocytic stage 


Cyclic neutropenia 


Autosomal dominant or 
sporadic 


E LANE mutation 


Fluctuations between normal granulocyte 
counts and severe neutropenia with 
21 -d periodicity. Increased apoptosis 
in myeloid precursors 


Glucose-6-phosphatase 


Autosomal recessive 


G6PC3 mutation 


Loss of glucose-6-phosphatase activity and 


deficiency 






increased susceptibility to apoptosis 


X-linked neutropenia 


X-linked 


Activating WAS mutation 


Neutropenia and monocytopenia 


Neutrophil specific granule 


Autosomal recessive 


CEBPE mutation 


Absent secondary and tertiary granule proteins. 


deficiency 






Primary granules lack defensins 


pl4 deficiency 


Autosomal recessive 


ROBLD3 {pl4 y MAPBPIP) 
mutation 


Defective lysosome function, neutropenia, 
hypogammaglobulinaemia, short statue 
and hypopigmentation 


Hermansky-Pudlak 


Autosomal recessive 


AP3B1 mutation 


Neutropenia, hypopigmentation 


syndrome type 2 






and defective platelet function 


Griscelli syndrome type 2 


Autosomal recessive 


RAB27A mutation 


Variable hypopigmentation, neutropenia 
and frequent pyogenic infections 


Chediak-Higashi syndrome 


Autosomal recessive 


LYST(CHS1) mutation 


Hypopigmentation, recurrent infections, 
defective bacterial killing and enlarged 
and irregular azurophillic granules 



AP3BU adaptor-related protein complex 3, beta 1 subunit; CEBPE, CCAAT/enhancer binding protein (C/EBP), epsilon; LYST> Lysosomal Trafficking 
Regulator (CHSl y Chediak-Higagshi Syndrome 1); ELANE> neutrophil elastase; G6PC3> glucose-6-phosphate catalytic subunit 3; GFIl y growth factor 
independent-1 transcription repressor; HAXl y HCLS1 associated protein X-l; RAB27A, RAB27A, member RAS oncogene family, ROBLD3> roadblock 
domain containing 3 (MAPBPIP, mitogen-activated protein-binding protein-interacting protein). 



Causes of neutropenia (Neutropenia is defined as a circulatory neutrophil count below 1.5 x IO 3 

* Acquired/Viral infection 

* Severe bacterial infection, e.g. typhoid 

* Felty's syndrome 

* Immune neutropenia - autoimmune, autoimmune neonatal neutropenia 

* Pancytopenia from any cause, including drug-induced marrow aplasia (see p. 435) 

* Pure white celi aplasia 

* Inherited Ethnic (neutropenia is common in black races) 

* Kostmann's syndrome (severe infantile agranulocytosis) 

* Cyclical (genetic defect with neutropenia every 2-3 weeks) 

* Others, e.g. Schwachman-Diamond syndrome, dyskeratosis congenita, Chédiak-Higashi syndrome 




RISPOSTE FUNZIONALI DEI NEUTROFILI AD AGONISTI 

- CAMBIAMENTO DI FORMA (polarizzazione, estroflessione di lamelle membranarie) 

- VARIAZIONE DEL VOLUME 

- ADESIONE A SUPERFICI (rolling; spreading) 

- MOVIMENTO/CHEMIOTASSI 

- AGGREGAZIONE 



-ESOCITOSI 

- RILASCIO DI MEDIATORI (p.es. EICOSANOIDI, PAF, ecc) 

- BURST RESPIRATORIO 

- PRODUZIONE DI OSSIDO NITRICO [e derivati vari, perossinitrito (ONOO )] 

- PRODUZIONE e RILASCIO di CITOCHINE 

- FAGOCITOSI 
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A Figure 14-26 The processes of phagocytosis and endocy- 
tosis. Endocytosis includes both specific and nonspecific up- 
take. In receptor-mediated endocytosis, macromolecules are 
internalized by binding to specific surface receptors. Pinocy- 
tosis, on the other hand, is the nonspecific uptake of extra- 
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cellular molecules in an endocytic vesicle, which is simply 
proportional to the molecular concentration in the extracellu- 
lar solution. Phagocytosis involves expansion of the plasma 
membrane to engulf large particles, such as bacteria, bound 
to the plasma-membrane surface. 
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Figure 1 Multiple portals of entry into the mammalian cell. The endocytic pathways differ with regard to 
the size of the endocytic vesicle, the nature of the cargo (ligands, receptors and lipids) and the mechanism 
of vesicle formation. 
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FIGURE 3-6 (a) Electron rnicrograph of macrophage (center, 
pink) attacking Escherichia coli (green). The bacteria are phagocy- 
tosed as described in part b, and breakdown products are secreted.The 
monocyte (purple, top left) has been recruited to the vicinity by 
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soluble factors secreted by the macrophage. The red sphere is an 
erythrocyte. (b) Steps in the phagocytosis of a bacterium. [Parta, 
Dennis Kunkel Microscopy/Dennis KunkeL] 
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FIGURE 4-12 Phagocytosis and intracellular destruction of microbes. Microbes may be ingested bydifferent membrane receptors 
of phagocytes; some directly bind microbes. and others bind opsonized microbes. (Note that the Mac-1 integrin binds microbes opsonized with cornple- 
ment proteins, not shown.) The microbes are internalized into phagosomes. which fuse with lysosomes to form phagolysosomes, where the microbes 
are killed by reattive oxygen and nitrogen species and protedytic enzymes. iNOS, induci ble nitric oxide synthase; NO, nitric oxide; ROS, reactrve 
oxygen species. 
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FIGURE 11.24 
A macrophage 
can phagocytize 
by at least six 
pathways: three 
require 
opsonization, 
three do not. 
The small ovai 
objects represent 
bacteria. 
(Adapted from 
12].) 
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Fig. 2: Effect of opsonization on the phagocytosis of S. aureus by human PMNs. Unopsonized (circle) or 
serum-opsonized (square) S. aureus strain COL was combined with human PMNs at a 10 bacteria: 1 
PMN ratio, as indicated. 



Table 1 Human receptors media ring phagocytosis, and their ligands 



Receptors 


Ligands 


Reference(s) 




Mannose receptor (CD206) 


Mannan 


- 


JJectin-l (LLh( v i 


(31,3-glucan 


3 


CD 14 


Lipopolysaccharide-binding protein 


217 


Scavenger receptor A (CD204) 


Lipopolysaccharide, lipoteichoic acid 


4,218 


CD36 


Plasmodium faìaparum-infected erythrocytes 


219 


MARCO 


Batteria 


220 




Table 1 1 Selected receptors involved in phagocytosis 

Type of phagocytosis Receptors Ligands Refs 

Opsonic phagocytosis Fc receptorfamily (FcyRI, FcyRIlAand Antibody-opsonized targets 66 

FcyRHA) 

Complement receptors (CRI, CR3 and CR4) Complement-opsonized targets 67 






Heavy 
chain 



Antibody structure 

Antibody structure. Antibodies are composed of two heavy chains (blue) and two light chains. The heavy chain determines 
antibody isotype (y chain in IgG molecules). Each light chain comprises a variable (VL) region and a Constant (CL) region, while 
each heavy chain comprises a variable (VH) region and a Constant region, with three CH domains. Two CH domains of each heavy 
chain make up the Fc (Fragment, crystallisable) region of IgG, which mediates effector functions through binding of Fcy receptors, 
C-reactive protein (CRP) and complement to the CH2 domain. The Fab (Fragment, antigen binding) region is composed of one 
Constant and one variable domain from each heavy and light chain. The VL and VH regions are responsible for binding antigen, 
and are referred to as the complementarity-determining regions (CDRs). 





TABLE 5-2 


Human Antibody Isotypes 














Isotope of 
Antibody 


Subtypes 
(H Chain) 


Serum 

Concentration 
(mg/mL) 


Serum 

HalMife 

(days) 


Secreted Form 




Functions 






igA 


IgAU 
(al ora2| 


3.5 


6 


IgA (dimer) 
Monomer, dimer, 
trimer 


(VJJvJ w \ Ca3 
\^ \ chain 


Mucosal immuri ity 














igD 


None 

(8) 


Trace 


3 


None 




Naive B celi antigen receptor 






igE 


None 

(e) 


0.05 


2 


igE 

Monomer 


CTbce2 
C L)Ce3 


Defense against helminthic 
parasites, immediate 
hypersensitivity 






igG 


lgG1-4 

(y1, il, 73, or -j4) 


13.5 


23 


igGi 

Monomer 


V H 


Opsonization, complement 
activation, antibody- 
dependent cell-mediated 
cytotoxicity, neonatal 
immunity, feedback inhibition 
of B cells 












igM 


None 

w 


1.5 


5 


IgM 

Pentamer 


J chain 


Naive B celi antigen 
receptor, complement 
activation 






The effector functions of antibodies are discusseti in detail in Chapter 12. 





